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Introduction 

Cation exchange capacity 
CEC is the total sum of exchangeable 
cations that soil can adsorb at a specific pH 

It is widely used for agricultural assessment 
because CEC is a measure of fertility 
indicator of structural stability/resilience.  

The latter is because CEC is capable of 
enhancing development of shrinkage 
cracks.  



Introduction 

Dermosols Vertosols 

CEC and shrink swell 

Very poor 
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In this regard, critical limits can be used in 
terms of shrink-swell properties. 

Specifically, shrink swell potential  

CEC is time consuming because analysis 
requires determination of cations through a 
leaching process (Holmgren et al., 1977). 



Problem definition 

Pedoderms (McKenzie, 1992) 

Contemporary Macquarie 

Old Alluvium Meander Plain 

Trangie Cowal 

Old Alluvium Back Plain 

Dermosols 
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Aims and objectives 

Use of DSM and error budgeting 
Develop a DSM of topsoil (0-0.3 m) CEC using  
      ancillary data, 
      linear mixed model (LMM), and     
      restricted maximum likelihood (REML). 

Use an error budget procedure to quantify 
the relative contributions made by    
       model,  
       input (for both γ-ray and ECa), and  
       individual covariate error (ancillary  
 data) when combining to map
 topsoil (0-0.3 m) CEC.  

To understand distribution of different 
sources of errors 



Materials and Methods: Modelling 

We use  
i) empirical best linear unbiased 

prediction (E-BLUP),  
ii) conditional simulation to produce 

numerous realizations of the data and 
their underlying errors, with 

iii) Linear mixed models (LMM) 
 
 

 estimated by residual maximum 
 likelihood (REML) to create the 
 prediction models. 

Use of DSM and error budgeting 
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Materials and Methods 

What covariates are commonly used? 



Materials and Methods: Ancillary data 

Airborne gamma-ray spectrometry 
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Materials and Methods: Ancillary data 

500 – 1000 m 



Materials and Methods 

Study area 

McKenzie, 1992 

Trangie 
Lower Macquarie valley 
Central western New South Wales 

Semi-arid  
Rainfall - 560 mm/year 
Hot summer (>35 oC) 

Land-use includes  
grazing for sheep and cattle,  
dryland wheat farming, and  
irrigated cotton production 



Soil sampling and laboratory analysis 

Materials and Methods: Soil data 

CEC 0.30 

0 Topsoil 

Soil - sampling based on  
Response Surface Sampling  
Design (RSSD) using EM34  
(Triantafilis and Lesch, 2005) 

CEC - Tucker’s (1974) using 
leaching (Holmgren et al., 
1977) because Vertosols 
alkaline with solid-carbonates 
(Loveday et al., 1972).  



Gamma-ray spectrometry 

Uranium 0.35 

0 Topsoil 

Results and Discussion: Ancillary data 
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ECa 

EM38h 0.75 
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Results and Discussion: Ancillary data 
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Results and Discussion 

LMM models - fixed effect components 



Input 

Results and Discussion: Accuracy 



What do all these numbers mean? 

Results and Discussion: Visualisation 

Jasper Johns 0 - 9 1961 Oil paint on canvas  



Cation Exchange Capacity 

CEC 

Results and Discussion: Prediction 
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Model 

SD 

Results and Discussion: Error 

Influenced by; 
i) edge effects, and  

 ii) Pedoderm boundaries 

Old Alluvium Meander Plain 
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Input 

SD 

Results and Discussion: Error 

Influenced by;  
i) Pedoderm boundaries, 

ii) Land-use management effect 

 Input  > Model 
…because we estimated ancillary data 

onto calibration points 

> 



Combined 

SD 

Results and Discussion: Error 

Influenced by;  
i) Pedoderm boundaries, and 

ii) Ancillary data (???) 



γ-ray 

SD 

Results and Discussion: Error 

Influenced by;  
i) Not really sure but if there is a 

psychologist in the room? 



EM 

SD 

Results and Discussion: Error 

500 – 1000 m Influenced by;  
i) Dryland and irrigated sampling density 

ii) Pedoderm boundaries 

EM <  γ-ray  
…because smaller nugget variance 

< 



Conclusions 

Jasper Johns 
0 through 9 1961 Oil paint on canvas  
Tate - Presented by the Friends of the Tate Gallery 1961 

Combined error ~12.93 cmol(+)/kg is larger 
than observed CEC (6.8 cmol(+)/kg) 

To reduce input error  
use smaller sampling interval and in 
particular near the edges of the survey 
extent and also at Pedoderm boundaries. 

To reduce model error  
applying some pre-processing techniques 
to improve the data quality or to look use 
other available ancillary data  

Main 



An error budget for mapping field-scale soil salinity at 
various depths using different sources of ancillary data 

 
Huang, J., Barrett-Lennard, E., Kilminster, T.,  

Sinott, A., Triantafilis, J. 

79, 1717-1728 





Gamma-ray spectrometry 

Thorium 0.35 

0 Topsoil 

Results and Discussion: Ancillary data 



Results and Discussion 

LMM models - variogram and goodness fit 



Introduction 

Murray Darling Basin 

Whilst irrigation to 
Vertosols has brought 
prosperity, there have 
been some isolated 
environmental impacts.  

Owing to the semi-arid 
climate, large areas 
extensively developed  
for irrigated agricultural 
production. 

Irrigated  
rice  

farming 

Irrigated  
cotton 
production 

Vertosols 



Results and Discussion 

LMM models - variogram and goodness fit 



Introduction 

Environmental impacts 
One of these has been 
the creation of shallow 
saline water tables  
(e.g. Buchanan and 
Triantafilis, 2009). 

One of the drivers has 
been susceptibility of 
landscape to deep 
drainage (Woodforth et 
al., 2012) via  
prior stream channels 
(Dermosols).   

Dermosols 
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Geonics EM38 
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